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THESE Lectures on MUSCULAR MOT 10N, by 
Alexander Stuart, M. D. exc. having been, accord. 
ing to the Will of the Lady Sadleir, communicated 


before hand to me, and approved, and afterwards 


read at ſeveral Meetings of this Soc iE T, for 
which he received their Thanks: I do direct the 
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Hans Sloane, P. R. 8. 
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PREF A CME 
JTNME late learned and famous Dr. Croune - 
having obſerved how much the knowledge of 
' the animal oeconomy depends upon the doctrine 
of the nerves and muſcles, and how 775 the rational 
practice of phyſic might be improved by a more per- 
fect acquaintance with the animal oeconomy, did, 
for the encouragement of theſe ſtudies, form a plan 
for inſtituting certain Lectures to be read on ſuch 
ſubjetts, in the Royal College of Phyſicians on the 
nerves and. muſcles, and in the Royal Society on 
muſcular motion; which was left with his Widow, 
afterwards Lady Sadleir. In purſuance of which 
deſign ſhe by her laſt will bequeathed a yearly revenue 
of about fifty pounds, out of her eſtate, to the ſaid 
Royal College, in truſt for the purpoſes abovemen- 
tioned. 

But an Hiſtory of the lives of the ſeveral pro- 
feſſors of Greſham College, where Dr. Croune was 
many years rhetoric projeſſor, written by the learned 
and accurate Mr. Ward, his preſent ſucceſſor in that 
province, being now in the preſs, we may expett 
farther particulars relating to this donation in that 
treatiſe, to which I muſt refer. ; 

In the mean time, the Royal Society having a 
fifth part 4 the ſaid revenue alloted to them by the 


will for that end, free from all charges and incum- 
| Cl =, brances, 
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1 PRB KE. 
brances, excepting that of procuring a body for the. 
w/c of theſe Lectures (which they are enabled to do 
the ir charter) have undertaken, and intend to go 
on with a courſe of ſuch Lectures on this foundation 
annually. | i 
In this view the learned Sir Hans Sloane, pre- 
ſident of that illuſtrious Society, a- great encourager 
and promoter of natural knowledge, having done me 
the honour to nominate me to open theſe Lectures, I 
have endeavoured to the beſt of my power to anſwer 
the intention, as far as the limits of the three fol- 
lowing diſcourſes would permit ; hoping the deſign 
may be better anſwered hereafter, when undertaken. 
by ſome others of that learned body, of which there 
are many perfectly well qualified to make further diſ 
coveries and improvements in this abſtruſe and very 
uſeful part of natural philoſophy. | 
| It may be . get here to take notice, that by the 
ronſtitution. and cuſtom of that excellent Society, 
every diſquiſition muſt either terminate in a mathe- 
matical demonſtration, or be founded upon ſome one 
or more experiments, obſervations, or hiſtories of 
facts, for a foundation of reaſoning ; and the con- 
cluſions drawn muſt appear to flow neceſſarily from 
fuch premiſſes, elſe they are accounted of ſmall value. 
This method therefore ſets all concluſions thus drawn 
at a great diſtance from gueſs, conjetture, mere ſpe- 
enlation, or hypotheſis ; fo that if no error be made 
in the application of them, they cannot fail to be 
feſt in the ſeveral arts and ſciences, to which they 
belong. Ty 
Au this gives me a ſufficient handle for wiping 
tl of an mar aſperſion thrown upon the 33 
. Hal 
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PREFACE: 
that celebrated body, as if they were imploped about 
uſeleſs ſpeculations, or trifling amuſements. But 
experience has ſhewn, how many uſeful arts and 
Serences have received conſiderable improvements by 
the diſcoveries of this, and other ſocieties of the 
lite kind, now eſtabliſhed in ſeveral countries abroad, 
by their example; though many of the prattiſers 
perhaps may not know from — thoſe improve- 
ments had their firſt riſe. An enumeration of par- 
ticulars in proof of this would be too prolix, and 
improper for this place; eſpecially as the moſt 
learned in all arts and ſciences are not ignorant of 
this truth. | 

This method of diſquiſition therefore TI have en- 
deavoured to obſerve in the following Lectures, which 
contain ſeveral experiments, not made by any one 
before, that I know of. But how far the explana- 
tions of them are clear, the obſervations inf, and 
the concluſions neceſſary and new, muſt be left to the 
judicious and candid reader. 

Whatever is here advanced contrary to received 
opinions, or the poſitions of ſome great and learned 
men, being founded upon experiments, I hope may 
be held to conſiſt with the great and juſt regard due 
to the memory of thoſe, who by their incomparable 
works have 7 well deſerved of the learned world, 
and of mankind in general; and who, I am per- 
fuaded, were ſuch lovers of truth themſelues, that 
they would have been pleaſed with its appear- 
ance, whenceſoever it had ariſen. | 

In theſe Lectures the following propoſitions are 
offered to be proved by experimnents, and confirmed 
by obſervations of facts. 

| S © = 1. That 
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1. That fluids are elaſtic ; which has hitherto 
been univerſally denied of all of them, excepting the 
air. 25 b 

2. That the immediate cauſe of the various de- 
grees of coheſion and elaſticity of ſolids, which has 
lain im obſcurity, is in the jiuids they contain. 

3. That the principle of gravity, cohcſion, elaſt- 
city, and hydroſtatics, is one and the ſame. | 

4. That next to primary immaterial impulſe, 
centripetal power, or central attraction, appears to 
be the natural principle not enly of muſcular mo- 
tion, that is of all the motions in the animal oeco- 
nomy, but alſo of all other motions in the univerſe. 

5. That there is no natural centrifugal power in 
matter, or any ſuch principle of repulſe, as has been 
; generally ſuppoſed. 

. 6. That repulſe, in all the phænomena here related, 
[ appears to be ſolely an effett of central attrattion, 


and by .analog y is probably the ſame throughout all 
nature. 


. That the arteries are elaſtic ; which has been 
|. but imperfectly known, and very little regarded in 
| the phanomena of the animal economy, in which 
their elaſticity bears a very conſiderable ſhare. 

8. That the veins are alſo elaſtic, which has been 
| zntirely overlooked. 
| 9. That the blood is an elaſtic fluid, which has 
| mot been imagined. 
| io. That the nerves are not elaſtic, as has been 

generally advanced and believed. 

| Tf theſe x pr be ſufficiently proved here, 
they are to make the chief hinges of the preliminary 
| arguments, leading to the various concluſions con- 
| tained 
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tained in an abſtract of a general ſcheme of muſ® 
cular motion; which I ſubmit to the teſt of an ap- 
plication to all parts of the animal oeconomy, by... 
which, I hope, it may appear to have a real founda:- 
tion in nature, which. no mere hypotheſis can have. 

As I find no author to produce in confirmation 
af ſeveral things here advanced; I have no incli- 
nation to. quote or refute ſuch, as have thought dif- 
Ferently on theſe ſubjects: for every attempt to- 
wards the diſcovery of truth, including a good will 
towards mankind, has its merit, and deſerves praiſe, 
though it ſhould not prove ſucceſsful ; but. conten- 
tion about it often leads inſenſibly to ſome breach: 
of humanity, which the love of truth itſelf can: 
never juſtify. And therefore I chooſe rather to 
Cd upon the force of this maxim; that a dif; 
covery or demonſtration of truth, if it can be at- 
tained to, is the beſt refutation of error. 

J am aware of the danger of drawing general 
concluſions from too ſcanty premiſes, or too feu 
experiments; which I have endeavoured to. avoid 
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though ever ſo great, would be ſufficient for. efta-- 
bliſhing a general concluſion concerning the cauſe, , 
ſuch as might be ſaid to be arawn from a com- 
plete induction of particular effetts ; which. in na- 
ture are ſo exceeding numerous, that an indefinite 
number of them muſt be always out of our reach: 

And therefore a few experiments or effects clearly: 


ON - < 


as far as poſſible, and, I. hope, as far as is neceſe | 4 
ſary, in an argument of this kind. For we are to 1 
conſider, that though the method by induction be ns 
the moſt demonſtrative, and therefore the moſt eli- hes 
gible; yet no. number of experiments or effects, 1 
1 
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vi P NEF AC E. 
explained, and ſupported by the analogy of nature 
(which in all its operations is conſtantly ſimilar 
fo itſelf) are ſufficient for the purpoſe of a de- 
monſtration a poſteriori, or from the eſtecis to the 
cauſe; until ſome plain experiment, and well un- 
derſtood, contrary to the former, can be produced, 
and fhewn to ariſe from a different or contrary 
cauſe. But this I take to be impoſſible in the caſe 
before us; ſmce nature can admit of no direct con- 
trariety or inconſiſtency, with regard to its prin- 
ciples, which are few and conſtant, and their laws 
of action always the ſame. 

There is indeed ſuch a ſurpriſmg variety of 
ſeemingly contrary appearances or phænomena of 
nature, as would deter one from drawing a gene- 
ral concluſion, with regard to the principles from 
whence they proceed; was it not obſervable, that 
this variety of phænomena does not ariſe from a 
variety of principles, or different laws of action, 
theſe being (as I ſaid before) very few and always 
the ſame ; but evidently from a numberleſs variety 
of circumſtances, and degrees of force, not rightly 
conſidered, or not well underſtood, by the ſpectators. 
This will appear by the reconciliation of ſeveral 
fuch contrary phænomena cited in the following 
Lectures, ariſing from the very ſame principles and 
laws of motion. 

And as this may not be ſo obvious to the gene- 
rality, as it is to the learned reader, it will be of 
uſe to add, that the danger of drawing general 
conc luſions in natural philoſophy, and phyſical diſqui- 
ſitions, lies not in arguments a poſteriori, or in the 
analytic way, as here, from the effect to the cauſe : 

but 
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but in ſuch as are carried on from the cauſe to the 
effeft in the ſynthetic and hypothetic way; that is, 


when from an identity, parity, or ſimilitude of the 


eauſe, we would infer univerſally an identity, pa- 
rity, or ſimilitude of the effects, which muſt be 


often, if not always, a fallacious method, and has 


been the ſource of manifold errors. For the ſame 
cauſe acting by one and the ſame power, in the 


fame degree, and according to the ſame laws, is 


often found to produce not only different, but even 
contrary effects, according to the ſpecific differences 
of the ſubjects atted upon. I chooſe a very fami- 
liar inſtance for the explanation of this. The ſun 
acting by its rays, or the fire by heat, melts wax; 
yet by the ſame power, atting in the ſame degree 
and manner, they do the wery reverſe in harden- 
ing clay. 

Thus the moſt perfect knowledge of the power- 


of the ſun, or of heat, as a cauſe, could not lead 


us with certainty, a priori, to any one ect; much 
leſs to the variety of its effects, which may be in- 
numerable, vaſtly different, and even contrary. 
There is therefore an irremediable inſufficiency in 
this method of argument a priori, or in the in- 
thetic way, even when the cauſe is real and known. 
But if tothis defect we add an 7 or ſuppoſi- 
tion of a cauſe or principle, which is not in nature, 
but only in the imagination, then no real eſfect can. 
poſſibly proceed from it; and every particular, as 
well as every general concluſion, in the whole ſcheme 

may be Falſe. | 
And it is this method of diſquiſition a priori, 
and by hypotheſes of imaginary principles and cauſes, 
1A 
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= wal FRET ACE 
indulged with ſo much liberty in former ages, that 
has laid phyſic, with other parts of natural philo- 
ſophy, under the diſreputation of conjettural ſci- 
ences; though when purſued upon facts and expe- 
riments, that is a poſteriori, the concluſions proper- 
ty drawn appear to be as demonſtrative, as thoſe 
f any” other ſcience whatever. The progreſs in 
this method indeed is flow, but the footing is ſure; 
whereas in the other way the advances are quick 
and extenſive, but upon infirm ground. 

Thus in the inſtances above aſſigned, if we ſup- 
poſe or aſſume nothing, but take the facts, effects, 
or phænomena, as we ſind them, and contder the 
apparent ſenſible qualities of the ſubjecis atied up- 
on, and compare them; we have yet made no miſ- 
take. Then aſcending to the cauſe, we find it to 

be one and the ſame, acting by the ſame ſenſible 
power; in which alſo we cannot be decetued. There- 
fore the concluſion is plain and neceſſary, that what- 
ever diverſity or contrariety appears in theſe effetts, 
does not ariſe from a diverſity in the cauſe, but 
poſſibly from the different natures and circumſtances 
of the ſubjetts atted upon. And theſe being duly 
conſidered, one appears to be a mixture of water 
and earth, the other of oily and reſmous ſubſtances. 
And experience, which has ſhewn us, that the heat 
of the ſun or of fire can make water to evaporate, 
warrants the concluſion ; that it can in the ſame 
manner agitate the watery fluids in the clay, and 
make them to evaporate, and leave the earthy maſs 
more ſolid than before. But experience alſo ſhews, 
that the ſame degree of heat cannot evaporate oil 
ar reſinous ſubſtances, and therefore cannot eva- 


porate 
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porate the oily or reſinous particles of the wax ; 


though tt may eaſily ſeparate and agitate them to a 
fluidity, as a greater degree of it does the moſt ſolid 
metalline ſubſtances. | 
Thus by begining at the effetts, and conſidering 
the nature or qualities of the ſubjects, and their 4 
ferences, and aſcending at laſt to the cauſe or cauſes, 
theſe and ſuch like different or contrary phænomena 
may be ſolved without error or hypetha 
we go no farther, than an exact analog y of the ſub- 
jefts and circumſtances will carry us, the concluſion 
will be univerſally true, with reſpett to the identity 
of the cauſe producing theſe effetts ; let the effetts 
themſelves be ever ſo different or contrary. | 
Therefore though no general concluſion can be 
drawn with certainty a priori, or from the cauſe 
to the effet?, in the ſynthetic way, whether with or 
without an hypotheſis ; yet general concluſions may 
be drawn by analyſis, or a poſteriori, upon facts and 


experiments, without the meceſſity of any hypo-. 


theſis ; and ſuch concluſions, if they have been care- 
fully managed, will appear to be certain and demon- 
ftrattive. | 

Thus much I think neceſſary to be ſaid for re- 
rommending the analytic method of diſquifition in 
all phyſical eſſays or inquiries, and in vindication 
of phyſic and natural philoſophy, as now generally 


cultivated ; and alſo to jet theſe two different me- 


thods of inveſtigation in a true light, in order to 
take off the prejudices, which may lie againſt ge- 
neral concluſions, when they can be attamed to in 


the analytic form of argument. Which is what I 


have endeavoured to obſerve in all parts of theſe 
[63 Lectures, 
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Lectures, 6y /aying the r in experiments 
and obſervations of facts conſidered and compared, 
and ſolving the plain phænomena at laſt without an 

hypotheſis by a real and known principle in nature, 
as their univerſal cauſe atting by the known laws of 
mechanics and hydroſtatics ; the principle itſelf and 
theſe laws being as real, conſtant, and unchange- 
able in the preſent conſtitution of nature, as the prin- 
ciples of pure mathematics themſelves. | 
This method was firſt ſtrongly recommended and 
illuſtrated by that incomparable genius the Lord 
Verulam, who calls it his Novum Organum, His New 
Method by Induction, The Art of inveſtigating Forms 
or Principles, Philoſophical Algebra, c. And it has 
fence been ſucceſsfully imployed for unfolding ſeveral 
of the moſt myſterious phænomena of nature by the 
great Fir Iſaac Newton, Mr. Boyle, Dr. Bocrhaave, 
and other learned men and ſocieties, the famous re- 
formers of natural philoſophy and phyſic in this and 
the laſt century. 


N. B. The Doctor's Name is found written by himſelf ſometimes 
Croone, and at other times Croune. See his Life, in Mr. Ward's 
Lives of the Profeſſors of Greſham- College. 


LECTURE 


L £CTVUR:E I. 


ing the plan of theſe Lectures on Muſtular 
Motion ſeems to have been, not only for 
the encouraging and promoting the inveſtigation of 
the muſcular ſtructure, with the cauſe and manner of 
muſcular motion in general; but alſo for carrying on 
a more accurate anatomical diſcovery of the peculiar 
ſtructure, with the manner of motion, and uſe of each: 
particular muſcle of the animal ceconomy, in the 
ſeveral claſſes of the natural, vital, and animal fun- 
ctions: for in all theſe this learned and ingenious; 
perſon well ſaw, that there was a large field open for 
improvement. | 

In this view the ſubject appears to be ſo copious, that 
three or four Lectures annually will not be ſufficient. 
to exhauſt it in many years. 

When the Society ſhall think fir to make uſe of the: 
Privilege granted them by their Charter, for obtain- 
ing a body, the purpoſe of theſe Lectures may be much 
better anſwered, than it can be at prefent without: 
one. £ 

In the mean time, this laudable deſign may, I con- 
ceive, be beſt anſwered, and moſt to the ſatisfaction 
of the curious, by laying a foundation for the future 
Lectures, in the few Experiments and Obſervations 
following, which J ſhall take leave to offer in theſe 
firſt diſcourſes. | 
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EXPERIMENTS. 
I. The elaſticity of the blood-weſſels, and non elaſ 


icity of the nerves, demonſtrated on a nerve, artery, 
and vein of an hitman body cut out, and the degree 
f the elaſticity meaſured. | 

II. The diſtribution of the nerves, arteries, and 
wens, to the antagoniſt muſcles of the arm of an 
human body, ſhewn in an anatomical Preparation; for 
demonſtrating the neceſſity of ſuch a diſtribution to- 
wards the performance of muſcular motion. 

III. In the Air pump, on the jugular vein of a 
Calf; to ſhew that there is air in the blood. 

This Experiment ſtands in the Minutes of the Royal 
Society, as firſt performed by me, about 17 or 18 years 
ago; and is now only repcated on occaſion of theſe 
Lectures. 

IV. Upon an human Artery, and the Roſe of ]cri- 
cho; to fhew that the elaſticity of ſolids ariſes 
from the fluids they imbibe or contain. 

V. On a Frog ; to ſhew the exiſtence of a fluid in 
the nerves, and that Muſcular Motion is begun by an 
zmpulſe on it through the nerves into the muſcles. 

Upon theſe Experiments, anatomical Preparations, 
and Obſervations made upon them, the doctrine of 
Elaſticity, and of Muſcular Motion, chicfly depends ; 

and none of them have been made by any one before, 


nor are they extant in any author, that I know of. 


VI. On Mater, Oil, and Mercury in the Air pump; 
to prove the elaſticity of fluids. 
This Experiment, if it ever was made before, was 


at leaſt never yet applied to prove the elaſticity of 
fluids, 


fluids, and ſhew the immediate cauſe of claſticity, 
and coheſion in ſolids. 


The Manner, Explanation, and Uſe of the firſt 
Experiment. 


1. The elaſticity of the blood-veſſels, and non- 
claſticity of the nerves, will appear to any, who are 
diſpoſed to make this Experiment, as I have done, by 
laying a piece of twine, about four inches in length, 
parallel to the nerve, artery, and vein of the inſide 
of the thigh, in an human ſubject; which being 
tied together above and below, ſo ſoon as they are 
cut out of the body, and laid on a board, the artery 
and vein will be ſeen to contract cqually, to the loſs 
of + parts of the length, which they had in the body 
before exciſion ; as appears in thoſe in fig. 1. tab. 1. 
the nerve continuing of the ſame length with the 
twinc, as in the body. 2 

2. In Dogs the claſticity is greater, to the loſs of 2 
2 parts of the length they had before exciſion; and 4 
as this elaſticity ſeems to differ in different ſpecies of pl 


animals, ſo it may vary in the individuals of the F 
ſame ſpecics, and in the ſame individual in different "| 
ſtages of life, or degrees of health. 3 


3. The uſe of this Experiment is not barely to 

ſhew, that the blood-ycſlels are elaſtic; for every one a 
who knows, that the artery is dilated in its diaſtole, 
and contracted in its ſyſtole, knows it therefore to be 
claſtic in that ſenſe; and every one, who has per- 
formed the ligature on the artery atter amputation, 
knows that it ſhrinks or ſhortens its axis, and there- 
fore is alſo elaſtic in that ſenſe. But though this be 
known, yet the meaſure or degree of the elaſticity of 
a 2 an 


Led. 1, [ iv J 
an artery has not, that I know of, been taken notice 
of by any body. And, ſecondly, as the vein has no 
pulſation, and is never deſignediy tied in an amputa- 
tion, its elaſticity has been overlooked; though it be 
equal to that of an artery in degree, but not in mo- 
mentum, its coats being thinner than thoſe of the 
artery. Thirdly, The non-elaſticity of the nerves 
has not been ſo much as once named by any Author, 
as I remember, before the publication of my inau- 
oural Theſes at Leyden, Ann. 1711. where it is re- 
marked, and ſince that time by Dr. Boerhaave only, 
in the ſubſequent Edition of his In/#itutions, Ann. 
1713, and the two following Editions. But on the 
contrary, all the Authors on Muſcular Motion, that 
have come to my hands, as well as thoſe who have 
written of the Theory and Practice of Phyſic, have 
ſuppoſed and aſcribed elaſticity to the nerves. 

4. The Experiment therefore is ſo far uſeful, as it 
diſcovers ſome eſſential properties of theſe eſſential 
parts, which were not known before; and clears up 
ſome miſtakes, that paſſed for fundamental truths, 
relating to the nerves and veins, in explaining moſt 
parts of the animal œconomy, as well as muſcular 
mot1on in general. 
FJ. And it is further very remarkable, that though 

the elaſticity of the artery has always been known, 
and indeed obvious in the pulſation: yet Authors have 
been conſtantly ſo full of the elaſticity of the nerves, 
in explaining not only muſcular motion, but alſo ſe- 
veral other parts of the animal œconomy, and even 
in accounting for the ſymptoms of various diſeaſes ; 
that they have taken no other notice of the elaſticity 


of the arteries, than ſolely as it propels the blood in 
| the 


the circulation through them: and even in that, by -- 
their doctrine it has been allowed but a very ſmall 
ſhare 3 and by moſt of them no ſhare at all 

6. And it may not be amiſs to obſerve, that this Ex- 
periment was never made by any, that I know of, till 
the ſaid. year 1711; and afterwards, in the year 1735, 
when ] firſt ſhewed it to this Society. And further, | 
tho it appears ſimple and eaſy to be made, yet it is 
of the utmoſt conſequence in all parts of the animal 
ceconomy : for as all parts of the animal body are 
entirely compoſed of nerves, arteries and veins, 
(excepting the hardeſt fibres of the bones, which alſo 
are nouriſhed by them) it is certain, that all the anis 
mal functions depend upon the qualities and con- 
tents of theſe three parts. Therefore this Experi- 
ment, as it demonſtrates the qualities, and degrees 
of the qualities, of each of theſe, gives us the qua- 
lities of the ſolids in all parts of the body; and there- 
fore opens at leaſt one door towards the explanation 
of all the animal functions, as far as they depend 
upon the ſolids. 


e 
8 
e's 


I 


VE} 


E 


| n \ * > + 5 Li 
* 91 k 2 i? *. * = 2 * _ 7 = 
r 


— 
> 
— WF 


3 
n 


/ 


x 
He 


-4--27 

- — & hs 
2 4 

| Je 


—_ 


ERTIES 56 
3 — = = - * 
— — = 

2 — a Dr 


— — — 


— 
—_—__ 


Explanation and Uſes of Experiment II. 


1. The next thing which we are to take. notice 1 
of, is the form or manner of the diſtribution of | 
theſe three eſſential parts to the various organs 
at their extremities; for upon this diſtribution, and. 
the ſtructure of the organs, which they lead to, 
depends the whole variety of the functions, whether. 
natural, vital or animal. 

2. The cauſe, manner, and effect of voluntary 
muſcular motion, being a point that the Founder of 
theſe Lectures had chiefly in view, it was neceſſary 

to 
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to obſerve the manner, or order of diſtribution of 
theſe eſſential parts to the organs of yoluntary mo- 
tion, the muſcles. 

3. For this purpoſe therefore I exhibited this ana- 
tomical preparation, not extant before in any Author, 
and, ſo far as I know, not hitherto attempted by any 
one; namely, the antagoniſt muſcles of an human 
arm, with all the neryes, arteries, and veins lcad- 
ing to them, intire, as they appear in the ſubject it- 
ſelf; and likewiſe laid before you a very accurate 
draught of them, wherein the arteries are marked 
red, the veins blue, and the nerves white, as in fig. 
1 tab. 2. 

4. The uſes of this preparation are various. I/. 
As it ſhews that there is no communication between 
the antagoniſt muſcles by their nerves, each having 
a peculiar trunk or trunks and branches of nerves 
diſtributed to it, diſtinct from thoſe of its antagoniſt; 
by which the mind has a diſtin& power over each, 
and may at pleaſure act upon either, without ating 
upon the other: for if both were equally acted upon 
at the ſame time, no motion, but a rigidity and 
immobility, would enſue. 24/y. This preparation 
ſhews that the antagoniſt muſcles have a communi- 
cation with one another, by the intervention of their 
blood-veſlels, as there appears to be one trunk of 
an artery, and one trunk of a vein, common to 
both. 

5. This ſeems alſo to be abſolutely neceſſary to- 
wards voluntary motion, and the power and energy 
of it; to wit, that the acting muſcle may have a greater 
derivation of blood into it from the common "trunk 

of 


* 9 l F 8 
of the artery, than its antagoniſt, which is at that 
time to remain paſſive. 7X 

6. Both theſe very eſſential parts of voluntary 
muſcular motion muſt have remained in the dark, 
without ſuch an anatomical preparation. The me- 
chanical cauſe and manner of this derivation of an 
acceſſory quantity of blood to the acting muſcles, 
depends upon this diſtribution of the veſſels, and 
the mechaniſm of the muſcular ſtructure, which 
ſhall be ſhewn in the courſe of the following Lec- 
tures; wherein it will appear, that the antagoniſt 
muſcles of voluntary motion are like two antagoniſt 
{ſcales of a balance; and that it is in the power of 
the mind, by means of this, and other parts of the. 
muſcular mechaniſm, not only to throw in a greater 
weight at pleaſure into either ſcale, but further 
to throw the weight taken from the one into the. 
oppoſite ſcale, by which the nomentum is doubled 
on the ſide, on which the mind determines to act. 
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The Manner, Explanation and Uſe of Experi- 


ment III. a 


1. This Experiment is performed by laying bare the 
jugular vein of a Calf, before it be killed, and ſepa- 
rating it carefully from adheſions; which is then to 
be tied with a cloſe ligature, firſt below near the 
thorax, and then in the ſame manner near the head, 
at the diſtance of three or four inches from the for- 
mer ligature, ſo as that the intermediate ſegment of 
the vein full of blood between the ligatures may be 
cut off beyond the ligatures. . 


2. This 


Beck. I. 7 7 


2. This ſegment of the vein, turgid with blood, 
ſhould be immediately put into a veſlel full of luke- 
warm or blood-warm water, to keep the blood from 
coagulating within it, which would happen in a few 
minutes, if it was expoſed to the cold air. 

. The vein being taken out of the warm water, 
is to be tied to a ſmall {quare paſte-board frame, and 
made faſt over the mouth of a wine or jelly glaſs, 
or any ſuch veſſel tapering towards the bottom, and 
put into the recipient of an air-pump, which being 


exhauſted, the vein is to be opened with a lancet, 


fixed at the end of a wire, paſling through a collar 


bol leathers. 


4. The conſequence of this is, that the blood, 
which runs out of the vein into the veſlel ſet under- 
neath, will be immediately and totally raiſed up in air- 
bubbles, and thrown out of the veſſel upon the plate 
of the pump, by the force of the air which it con- 
tained, equally diſtributed through the whole maſs. 

5. By which it appears, that the blood is greatly 
ſtored with air, .as was to be ſhewn. 


Remarks on this Experiment. 


Obſ. I. Fr. It is remarkable in the apparatus to 
this Experiment, that the heat of luke-warm water, 
which is nearly the ſame with the heat of incuba- 
tion, keeps the blood in the vein in a ſtate of fluidity 
for ſome hours; and I believe it might be kept in 
that ſtate much longer, which deſeryes a trial ; this 
being, as 1 imagine, the ſtandard degree of heat in 
all ſuch outward applications, as are intended to diſ- 
ſolye, attenuate, and diſcuſs ſtagnating animal fluids, 
or diſobſtruct the veſſels : intentions which are rather 


hindered 
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hindered than promoted by too hot baths or fomen- 
tations, in which the miſtaken ſtandard degree is as 
hot as the patient can bear it, inſtead of what he 
could call a comfortable warmth, and would be the 
uſctul meaſure for him. This degree of heat would 
indeed be different to different perſons; but every 
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one would have the due degree ſuited to his tem- 


perament, conſtitution, and feeling, in which he 
could not be deceived, being himſelf the beſt judge. 


Nay even in mortifications or ſphacelations, though 


neither this nor any other degree of heat can reſtore 
motion in the ſphacelated part, yet this degree is 
molt likely to promote the circulation remaining in 
the confines of the mortified part; which is the only 
intention of fomentations and poultiſes in ſuch 
caſes, in order to a ſeparation of the ſphacelated 
fluff. 

6 2. This doctrine is confirmed by obſervations, 
that all animal fluids are thickened by any great de- 
gree of heat, or cold. Thus, 

$ 3. The white of an egg becomes as hard in a 
night's time under the ſnow in froſty weather, as 
if it had been roaſted by the fire, or boiled in wa- 
ter; though the yolk, being more oily, is not ſo much 
hardened in the ſame time; whereas it is known, 
that all parts within the ſhell are made more fluid by 
the heat of incubation. 

$ 4. And hence it is, that the ſame kinds of in- 
flammatory diſtempers appear in the ſummer heats, 
as in the greateſt colds of winter : Whereas the tem- 
perate warmth of the ſpring and autumn is general- 
ly healthier, or at leaſt freer from theſe Kinds of in- 
flammatory diſtempers. 
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Obſ. II. $ 1. Though the vein contains ſuch a 


quantity of air, yet it is no way tumitied or expand- 


ed by cxhauſting the receiver; which ſhews, that 
the real elaſticity of the muſcular fibres of the vein 


is ſuperior to the expanſive force of the incloſed ait, 


in which its claſticity is imagined to conſiſt. 

§ 2. This claſtic power of the veſſels therefore. 
would make a rupture of them impoſſible in an ex- 
hauſted receiver of an Air-pump, or at the top of. 
a very high mountain, ſuch as Teneriff'; did not 
the force of the circulation, at leaſt in this laſt caſe, 
contribute to that rupture of the capillary veſſels; 
which appears by ſpitting of blood in ſuch cmi- 
nences. 

O6%. III. The manner of this experiment upon 
blood, which has ncver had any communication 


with the external air, obviates an objection againſt 


an Experiment of this kind, upon blood received in- 
to a porringer, or other veſſel, from the arm by 
venæſection, which might be ſuppoſed to have im- 
bibed or received air in its paſſage, and expoſition 
to the external air, before the experiment. | 

O % IV. F 1. As the blood circulating in the 
veſſels appears to have ſuch a quantity of air inti- 
mately mixed with every molecule, globule, or par- 
ticle of it, the whole compound according to the 
common doctrine of elaſticity, ought to be looked 
upon as an elaſtic fluid: even if theſe globules them- 
ſelves were not elaſtic, as I formerly endeavoured to 
prove them to be, in an eſſay on the ſtructure and 
motion of the heart, read ſome years ago in this 
illuſtrious Society, and in a diſſertation 4e Struct. G 


Mot. Muſe. lately publiſhed, 
$2, In 


6. 2. In the mean time it may be neceſſary here to 
obviate an objection againſt the elaſticity of all fluids, 
which ariſcs from the incompreſſibility, and there- 
fore, as is alleged, the non-elaſticity of water, the 
baſis of all the reſt ; even though it be known to con- 
tain a great quantity of air, For this purpoſe the 
Florentine Experiment of filling a ſpherical veſſel of 
gold full of water, cloſely ſhur up in it, and expoſed 
to the ſtrokes of an hammer on an anvil, or to any 
other ſtrong compreſſion, is offered in proof. Be- 


cauſe in that Experiment it appears, that ſome part of 


the watcr will make its way through the pores of the 
gold; which plainly ſhews, that it cannot be com- 
preſſed into leſs room than it had in the ſpherical 
veſſel, which is more capacious than the cavity of 
an oblate ſpheroid, to which the ſtrokes of the ham- 
mer, or other compreſſion, may have reduced it. 
$. 3. The ſolving of this difficulty will give an 
handle for clearing up ſome miſtakes, relating to the 
imagined non- elaſticity of fluids, for which reaſon 
it may not be improper in this place to give ſome ac- 
count of the nature of elaſticity. 


Of ELASTICITY, 


Elaſticity being one of the principles of muſcular 
motion, it is neceſſary to ſhew where it reſides, and 
how it acts. In order to this, I ſhall offer the follow- 
ing propoſitions, ſome of which are fo evident as to 
want no proof, and to the reſt the proper proofs ſhall 
be ſabjoined. Wy. 

Prop. I. The minima of all bodies are perfectly 


hard; that is, their parts are neither ſeparable, nor 
b 2 capable 
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Capable of changing their relative ſituation, by any 


power in nature. This is ſupported by the incom- 


parable Sir Iſaac Newton, in his treatiſe of optics, 
by irrefutable arguments, which I need not here 
repeat. 

Prop. II. Therefore, as the minima of bodies can- 
not be ſingly elaſtic, elaſticity muſt be a property of 
compound bodies only, whoſe component parts are 
capable of changing their relative ſituations, and car 
be drawn to various relative diſtances with regard to 
one another. 

Prop. III. F. 1. This property appears to be greater 
or leſs in all compound bodies, whether ſolid or: 
fluid ; but the queſtion is chiefly about the elaſticity 
of fluids, which has been pofitively denied in water 
(the baſis of all the animal and vegetable fluids) up- 
on the ſcore of its incompreſſibility, obſerved in the 
Florentine Experiment mentioned above. But not- 
withſtanding that Experiment, I believe it may be 
made to- appear, that water; oil, and mercury, are 
not only claſtic themſelves, but alſo the cauſes of 
Elaſticity in all compound ſolid bodies. 

6. 2. In order to this, we are to conſider : That the 
natural ſtate. of all elaſtic bodies, whether ſolid or 
fluid, is contraction of all the parts of the compound 
towards one another; and to the common centre of 
the maſs. This appears in a bow, and aftcr the ſame 
manner in a drop of water, dew, or mercury, whoſe 
particles are all equally attracted towards the com- 
mon centre of the maſs, even in vacuo, according 


to the VIth Experiment, and therefore towards one 


another, ſo as to form the exacteſt ſphere about that 
centre, where they remain in ꝗquilibrio, and im- 
| moveable 


ſ xm | Lect. I. 
moveable by any power or force of their own; and 
if diſturbed by any external force (ſhort of what will 
diſlipate them into leſſer ſpheres) ſo as to be reduced 
to oblate or oblong ſpheroids, or to any other figure 
different from that of a ſphere, they will immediately 
upon removal of that force reſume their former 
ſpherical figure, ſituation of parts, and æquilibrium, 
about their common centre, as before: and in their 
progreſs towards reſtitution, they will either repel, 
or conſtantly endeavour to repel, the incumbent or 
impelling force. 

Corollary. Thus fluids appear to be elaſtic, as they 
are capable of extenſion or expanſion by any external 
force applied; and of reſtitution to their priſtine 
figure by their own natural force, by which they 
repel, or endeavour to repel, every. thing that ſtands. 
in the way of their reſtitution. Which is the whole: 
characteriſtic of elaſtic bodies. 

Scholium. Repulſe therefore (in this caſe at leaſt) 
appears to be no principle of action, but the effe& 
of that principle, which is rightly called contraction 
or centripetal force; which I have endeayoured to 
ſhew elſewhere. - [See Di. de Str. & Motu Muſe: 
Introd. | 

6. 3. As to the Florentine Experiment, which is 
offered in contradiction to this quality in water, we 
are to conſider, that cold water is before the Experi- 
ment, in the ſtate of its ultimate condenſation or 
contraction which it can have at that time or ſeaſon 
in which the Experiment is made, with an immediate 
contact, or the neareſt poſſible vicinity of all parts 
of the compound, whoſe minima are perfectly hard; 
as has been already proved; and alſo perfectly round, 
| which. 
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which its fluidity ſhews to be very probable. Such a 
body, I ſay, in its natural ſtate of contraction can- 
not be brought into a nearer contact of parts, nor 
into a leſſer compaſs than that of a ſphere, which. is 
the moſt capacious of all figures, under the ſame ſur- 
facc ; and thercfore cold water, or any other fluid, 
ſhut up in a veſlel of that figure, would cither con- 
ſtantly reſiſt the compreſſion, or eſcape it even 
through the porcs of gold: which no way invalidates 
the arguments offered above in proof of its claſti- 
city. For though an elaſtic body extended, diſtended, 
expanded, or rarified, may be contracted or con- 
denſed, either by its own natural power, or by an 
external force ſuperior to that by which it was ex- 
tended or rarified; yet it does not from thence fol- 
low, that after its full natural condenſation or con- 
traction, it can be ſtill further condenſed or con- 
tracted, by any force whatſoe ver: which does not 
at all imply a want of elaſticity, ſuch as has been above 

deſcribed. 

$. 4. It may be further added, that if it was poſ- 
ſible to condenſe any pure elaſtic ſolid body, beyond 
the ultimate degree of its natural contraction and 
condenſation, when all extrancous or heterogeneous 
bodics are removed; then we ſhould be able to alter 
the ſpecific gravity of bodies, and ſo far the tranſ- 
mutation of metals would be no longer a myſtery. 
But there is no known power in art or nature, by 
Which pure gold, ſilver, mercury, or any other pure 
homogencous metal, can be made denſer, or its ſpe- 
Cific gravity increaſed. It is true, that in impure 
metals, by removing the impure or leſs weighty 
particles out of the way of the mutual contact of their 
purer 
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purer parts, the remaining pure parts become. heavier - 
and denſer, than an equal bulk of the original maſs: - 
bur this is only a purification, not a condenſation of 
the primary eſſential component particles; which, 
was it poſſible, would alter the ſpecific gravity, and 
therefore the ſpecies of the metal, and ſo introduce 
a new ſpecies of pure metal. Which, believe, is 
beyond the power of art, or any known power of 
nature. 

6. 5. The ſecond thing to be conſidered in elaſtic 
bodies, whether ſolid or fluid, is a capacity of being 
extended, diſtended, expanded, or rarified ; the effect 

of which is alſo to repel any incumbent or impinging 
force; which is ſometimes done with very great vio-- 
lence and impetuoſity in a direction exactly contrary. 
to the centripetal force above deſcribed, and there 
fore has been called, though, I think, erroneouſly, 
the centrifugal power of elaſtic bodies, obſerved in 
various experiments on the air, whence it is denomi- - 
nated the moſt elaſtic of all bodies. Of which more 
hereafter. 

6. 6. But I muſt obſerve, that the ſame. expanſive- 
power, and even a greater force of repulſion, ap- 
pears in water, rarified in the M6lipile and Pire-En- 
gine ; though it be not allowed to be elaſtic. . 

C 7: Bur the truth is, that this expanſion, and 
repulſe- which attends it, do not ſeem to be natural 
powers either of air or water; but effects produced 
in them by the force of fire, the rays of the ſun, 
or heat, in a direction contrary to the elaſtic centri- 
petal natural powers of theſe two fluids: ſo that rari- 


faction or expanſion in them is not a natural action of 
their 
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their own, but a forced effect; and therefore the 
repulſe ariſing from it muſt alſo be, the ſam e. 

$. 8. And this is equally obicrvable in all claſtic 
ſolid bodies. For example, a bow that lies unbent, 
cannot be bent by any force of its own clafticity, but 
by the impuiſe of ſome adventitious external power, 
which really extends it, or draws it to a grcater length 
in the bending : therefore the bow is not then faid to 
act, but to be acted upon, in order to its ſubſequent 
action of reſtitution; and the man's hands and arms 
in acting upon it repel whatever ſtands in thc way of 
their action. But this action and repulſe is never 
aſcribed to the bow, whoſe action is reſtitution, or a 
centripetal motion only, by which the arrow is pro- 
jected by repulſe, or reaction of the bow upon it in 
its reſtitution or contraction. 
S. 9. It is in the ſame manner, that the rays of the 
ſun, fire, or heat, expand and rarify condenſed air, or 
water, and repel whatever ſtands in the way of their 
action, and that undequaquè in the manner of all other 
fluids; in which action the velocity of the particles of 
fire, communicated to the particles of a weighticr fluid 
than itſelf, increaſes the momentum of the expanſion 
and repulſe, in proportion to the different weights of 
the fluid acted upon: therefore the force of this ex- 
panſion and repulſe is found to be far greater in rari- 
fied water or ſteam, than in rarified air; as is evident 
in the AÆoôlipile and Fire-Engine. 

F. 10. Thus it appears, that this expanſion and re- 
- Pulſe is not owing to the natural elaſticity of the air, 
but to a foreign power, to wit, that of fire or heat, 


_ upon it. 
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long ſhut up from the rays of the ſun, and from all 
communication with the external air, which conveys 


them: I ſay ſuch impriſon'd air at laſt totally loſes | 


this expanſive power, ſo as to become unfit for reſpira- 
tion, and will extinguiſh a flame, or kill an animal, as 
quickly as if they were ſtifled in vacuo. Which in- 
deed is the caſe. Whence it is commonly, but I 
think, wrongly ſaid, that ſuch air has loſt its elaſticity. 
As if we ſhould fay, that a bow has loſt its elaſticity, 
becauſe we ſee it lie ſtill, contracted, or unbent, and 


no hand imployed to extend, that is, to bend it; 
without conſidering, that no elaſtic body can act until 


it be firſt acted upon. | 
What may be further ſaid on the head of claſticity, 
ſhall be the ſubject of the next Lecture. 


LECTURE Mt 


N the laſt Lecture I endeayoured to ſhew, I/, That 


the minima of all bodies are perfectly hard. 

24ly, That elaſticity therefore is a property of 
compound bodies only. 

34ly, That this claſticity conſiſts in a capacity of a 
change of figure, or change of the relative diſtances 
and diſpoſition of the parts in the compound, with- 
out a ſolution of contiguity or continuity of its parts 
and a centripetal power of reſtitution to the ſame figure 


again. 


whether ſolid or fluid, is contraction only. 
C thy, 
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$. 11. And this is confirmed by obſerving, that air 


4thly, That the natural ſtate of all elaſtic bodies, 
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Lect. II. [ xvm 
5thly, That their forced or preternatural ſtate is ex- 
tenſion, expanſion, dilatation, or rarifaction by ſome 
foreign adventitious force. 
6thly, That this natural ſtate of contraction in 
homogeneous fluids ariſes from a centripetal force, 
by which all parts of the maſs tend to one common 
centre; and therefore to one another in æquilibrio 
about that centre, ſo as to form the exacteſt ſphere, as 
a figure capable of a greater quantity of matter, than 
any other figure of the ſame ſurface. 
7thly, That therefore in ſuch a ſtate of ultimate 
contraction, they are not capable of any further con- 
traction, condenfation, or compreſſion, ſo long as 
they continue in a ſtate of fluidity; which does not 
at all impugn their claſticity, or invalidate the argu- 
ments produced in proof of it. 
8th, That repulſe is not a principle of action in 
5 elaſtic bodies, but the effect of that natural principle 
1 which is juſtly called centripetal power, or a ni/#s 
towards æquilibration about ſome common centre; 
by which they repel, or endeavour to repel, what- 
ever ſtands in the way of their reſtitution to that ꝗui- 
librium. 
gh, That as expanſion, diſtention, and rarifac- 
tion are not the natural actions of elaſtic bodies, but 
the forced effects of ſome adventitious external or 
foreign cauſe; or of an addition of more matter of 
the ſame, or ſome other kind, acting upon them; 
therefore the ſubſequent repulſe produced is alſo the 
effect of that ſame external cauſe, or of ſuch addition, 
and not of the elaſtic body itſelf, whoſe ſole action is 
reſtitution towards its own centre, in a direction con- 
trary to the power of that external agent. 
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Theſe concluſions I endeavoured to illuſtrate by 
inſtances from a drop of water, dew, mercury, ſtag- 


nating and impriſoned air, a bow, c. I ſhall now 


proceed to conſider theſe a little further, together with 
ſome other ſenſible properties of fluids; that by com- 
paring them we may be able to draw ſuch general 
concluſions for our purpoſe, as ſhall appear to flow 
neceſſarily from them, in confirmation of what has 
been already faid, and for a further illuſtration of this 
ſubject. 

Section 1. There appears to be only four kinds 
of fluids, viſible and obvious to the touch, namely water 
or watery fluids, oil, mercury, and fire; the laſt of 
which, though the moſt univerſal and moſt powerful 
of all, we are certainly the leaſt acquainted with. - 

$. 2. The air as it is not a viſible fluid, and is known to 
be an heterogeneous mixture of almoſt all ſorts of 


fluids; until we are at ſome certainty about the pro- 
perties of the other more ſimple and more ſenſible 


fluids, of which it is compoſed, it is not likely that 
we can come to any ſolid concluſions concerning it: 
therefore this may more uſefully be the ſubject of ſome 
following Lectures. | 

6. 3. The firſt property that I have already touched up- 


on in water, is, that the minuteſt, viſible, diſtinct drops 


of it, and even pretty large ones, as well in vacuo as 
in the open air, (according to the VIth Experiment 
made) form themſelves into exact ſpheres; in each of 
which the centre of magnitude appears to be the 
centre of gravity, attraction, and æquilibration, as alſo 
of vibration or elaſticity. And in ſuch ſmall drops it 
continues to be ſo, as long as the attraction of each 
particle of the fluid within that ſphere is greater to- 
C'3 wards 
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wards its own centre, than towards the centre of the 
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Earth: that is, until the drop be ſo increaſed, that the 


gravity of the extreme particles of its ſurface exceeds 


their attraction towards the centre of the drop, as 
placed at too great a diſtance from it, to be ſenſibly or 
ſufficiently affected by it. In which caſe, though they 
do not loſe their mutual attraction towards each 
other, and therefore retain a proportional attraction 
towards their common centre; yet they are forced to 
yeild to the ſuperior power of gravity, by which they 
form themſelves into a ſmall part or ſection of a larger 
ſphere, about that more powerful centre of the carth. 
This is moſt remarkable in the ocean, where the water 
affects and obtains the ſame ſpherical figure about the 
centre of the earth, as the leaſt drops do about their 
own peculiar centres. 

6. 4. And this attraction of its particles in æquilibrio 
towards the common centre of cach {mall drop, is di- 
ſtinct from, and independent of, the action of the ſpe- 
cific gravity of the whole drop towards the centre of 
the earth, the one being no ways hindred or promoted 
by the action of the other; which appears by the con- 
ſtant ſphericity of their figure, whether they aſcend in 
ſteam or vapour, deſcend in rain or dew, are ſuſpended 
in a fog, or lie or hang on the leaves of graſs; either 
in the open air, or n vacuo. 8 

Corollary. Therefore the ſame hydroſtatical laws, 
which take place in the ocean, or any other conſidera- 
ble collection of water, whoſe ſurface forms itſelf to 
a convexity about the centre of the earth, muſt equally 
take place in every diſtin& drop of water, whoſe ſur- 
face forms itſelf to a conyexity about its own pecu- 

| | lar 
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liarcentre. And ſuch of theſe laws, as may ſerve. for 
our preſent purpoſe, ſhall be taken notice of in the 
ſequel. | | 

$. 5. The ſecond property that I would take notice of 
in water, is, that it is very plentifully attracted into the 
pores, veſſels, interſtices, and innermoſt receſſes of all 
ſolid animal, vegetable, and terreſtreous ſubſtances, 
where it diffuſes itſelf equally, and uniformly, quaqua- 
verſum; and conſtitutes in ſome one half, but in the 
greateſt number more than half of their bulk or weight: 
to-lay nothing of. tin, antimony, ſulphur, and ſome: 
other mineral ſubſtances, where it is alſo found; for: 
which the chymiſts may be conſulted, and particular- 
ly. the moſt accurate and learned Dr. Boerhaave, in: 
his incomparable Treatiſe. of the. Elements of Chy- 
miſtry. | 

6. 6. I ſhall only offer one remarkable inſtance of this 
in the IVth Experiment made on a ſpecies of Thlaſpi, 
commonly called the Roſe of Jericho, Roſa Hieri- 
chontea, which in its vegetating ſtate ſpreads its 
branches all round, almoſt horizontally, from the top 
of the root, near the ground, as from a centre: ſee tab. 1. 
fig. 2. When it has perfected its ſeeds, it appears of a 
hard, woody contexture; and as it grows dry, the branches 
contract and curl themſelves up towards their centre, 
ſo as to form a ſpherical figure: ſee tab. 1. fig. 3. in 
which ſtate. this plant weighed ſeven drachms. and a 
few grains; but after having been ſteeped two hours 
in luke-warm water, it expanded its branches as you : 
ſee; and it weighs now 13 drachms, which is but 
one drachm leſs than the double of its former weight - 
in its dry ſtate; ſee tab. 1. fig. 2. How-much more 
water 
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Lect. II. 1 xxii 
water then, or watry juice, muſt it have contained in 
its green and growing ſtate? ra 

6 7.Some green plants indeed contain more juice than 

others, but almoſt in all of them, when pounded and 
ſqueezed, the juice is found greatly to exceed the 
husky or dry part. This exceſs of the fluids in vege- 
tables is exceedingly remarkable in all the ſucculent 
kinds, and is little or nothing leſs in living animals, 
and recent animal ſubſtances; Experiments having 
ſhewn, that after waſte or expulſion of all the fluids 
by deſiccation or diſtillation, the remaining ſolid 
parts appear to bear a very ſmall proportion to the 
fluids. 

Corollary. Therefore the few rigid and leſs move- 
able ſolids in all animal and vegetable ſubſtances muſt 
in action yield to, and be governed by, the hydroſta- 

_ tical and hydraulic laws of the fluids, ſo plentifully 
contained in them; as that which has the greateſt nο 
mentum, ariſing from its weight and celerity, will in 

all motions overpower what has leſs. 
$8. This is in a good meaſure remarkable in the 
Heath Roſe juſt now ſhewn, where the force of the 
fluids, tho' urged on by no other power than the at- 
traction of its ſmall pores and capillary tubes, was 
ſufficient to expand and extend the branches, and 
veſſels of which they are compoſed, from being ſeg- 
ments of leſſer to form ſegments of much larger 
circumferences of circles, or other curves; which no 
external force can do, without breaking them to 

» pieces. 

* §9. This Experiment ſerves alſo to prove and illuſtrate, 
= what 1 have advanced elſewhere, concerning the 
power 


[ xxiii Lect. ID. 
power of the blood propelled alternately by the force 
of the heart and arteries into the branches of the 
blood - veſſels, inveſting the cavities of the inteſtines 
and veſicles of the lungs, for forwarding the diaſtole 
or expanſion of theſe cavities in the periſtaltic motion 
and inſpiration; to wit, by a force in the direction 
of the tangents of the arches of theſe veſſels and 
cavities, which is a direction perpendicular to their 
centripetal elaſtic contractions; as they appear in 
theſe draughts of the inteſtines and veſicles of the 
lungs before you. See Diff. de Struf?. & Motu 
Auſc. tab. II. fig. 1, 2, 3. and tab. V. fig. 5. 

(10.The third property obſervable in water is, that it. 
is the cement of union of the ſolid parts in all ani- 
mal, vegetable, and terreſtreous ſubſtances. A para- 
dox, which nothing but experience could render pro- 
bable; to wit, that a fluctuating body, whoſe parts 
may be ſo caſily diſturbed, diſplaced, or ſeparated, . 
ſhould give firmneſs, hardneſs, rigidity, and ſtability, , 
and prove a copula of union to other particles of a: 
maſs, which .could never unite among themſelves 
without it. Yet this is obvious in making of bricks, , 
mortar, and figures in plaiſter of Paris, and alſo in. 
the diſtillation and calcination of all vegetable and 
animal ſubſtances ;- where, after the total expulſion: 
of all the fluids, nothing remains but incoherent. 
looſe duſt or aſhes, incapable of uniting again with- 
out a ncw recruit of moiſture. 

6 11. The fourth property of water is, its being the 
univerſal diſſolvent of all theſe. very ſubſtances, of which 
in the preceding ſection it is obſerved to be the ce- 
ment. Which alſo at firſt ſight ſeems another para- 


dox; becauſe to unite, and divide, are cyidently two 
contrary 
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Lect. H. DL xxXiv J 
contrary actions. I ſhall therefore in the ſequel endea- 
vour to ſhew, how conſiſtently they flow from one and 
the ſame principle, acting by the, ſame inſtrument. 

$12.Thefitth very remarkable property of water and 

other fluids is, that they are capable not only of an 
altcration of figure, or different poſition of parts, 
without the loſs of contiguity, as has been ſaid al- 
ready; but arc al ſo liable to have their parts ſeparated 
to ſmall diſtances by expanſion or rarifaction, or to 
orcater diſtances by evaporation or diſſipation; which 
is evident in water, ſpirit of wine, oil, mercury, 
and all other kinds of fluids expoſed to the fire, or 
heat, of any ſort. In which circumſtances they very 
forcibly, and in ſome caſes almoſt irreſiſtibly, repel 
every moveable thing, that ſtands in the way of their 
expanſion or evaporation, even to the pitch of explo- 
ſion at the places of leaſt reſiſtance: as appears in the 
ölipile and Fire-cngine. 

g 13. The principles from whence this expanſive 
power and repulle ariſe have been mentioned already. 
I ſhall now apply what has: been ſaid in this, and the 
former lecture, towards a further explanation of the 
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univerſal elaſticity both of fluids and ſolids. 

514. /. It has been generally ſuppoſed, that when the 
ſolid particles of an elaſtic body are drawn out of con- 
tact to ſome very ſmall diſtance by extenſion, they have 
a power of reſtoring themſelves to their former con- 
tacts again by their mutual attraction; in which the 
elaſticity of compound ſolid bodies Las been ſaid to 
conſiſt. But if we may depend upon what is viſible, 
we ſhall never ſee the dry ſolid fibres or particles of 
any ſolid body, once divided or drawn out of con- 
tact, coaleſce or unite again, or recover the cloſe 


contacts 
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contacts they had before; without ſome fluid medium 
ſuperadded. And therefore if the leaſt fibre of a 
bow, or other elaſtic ſolid dead body, be once crack d 
or broken, the rupture will always continue the 
ſame; and notwithſtanding the elaſticity remaining 
in the other parts of the bow, by which the broken 
or divided parts are brought again within the ſame 
bounds of vicinity, through which this attractive 
power is ſaid to extend, nevertheleſs they do not 
again coaleſce or cohere: | 

d 15. It is further obſervable, that if a drop of water, 
oil, or mercury be divided into many lefler drops, 
and placed at the leaſt imaginable diſtance from mu- 
tual contact, they always remain diſtin& and diſunited; 
but upon contact they are abſorbed into each other 
with a vilible rapidity, and become one as before. 

Corollary. Therefore there is ſome reaſon to con- 
clude, That the power of attraction does not reach 
much, if at all, beyond contact, either mediate or in- 
termediate; and that it takes effect in ſolids only by 
the mediation of fluids. Again, it is apparent, that 
within the limits of contact it is very ſenſibly ſtrong 
in fluids. 

516. This quality in fluids with their capacity of 
change of figure, or diſpoſition of parts in the maſs, to 
every imaginable ſhape, without a ſolution of continuity 
or contiguity; and with a power of returning to their 
priſtine figure, or diſpoſition of parts, within their 
former ſurface again, when left to themſelves; theſe 
qualities, I ſay, are ſufficient to eſtabliſh elaſticity as 
a natural and eſſential property of fluids, not diſcover- 
able in pure or ſimple ſolids, without their mediation 


or aſſiſtance. 
d 517. For 
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6. 17. For by what has been ſaid of ſolid bodies, 
when deſtitute of all humidity, or deprived of all their 
fluids, it appears evidently, that none of the afore- 
faid qualities can belong to them; and therefore as 
ſolids they can have no elaſticity of their own, nor 
any degree of it, but what is borrowed from the fluids 
they contain. An inſtance of this is in the artery be- 
fore you, whoſe elaſticity while recent and moiſt was 
ſhewn before in the firſt Experiment; but being now 
dried is neither capable of extenſion or diſtenſion, but 


remains rigid and contracted, until it be ſteeped again 


ſome hours in water, by which it will recover its 


former elaſticity. In which ſtate it ſhall be ſhewn 


again at the next meeting. 
6. 18. If elaſticity therefore reſides ſolely in fluids, and 


only by their intervention in ſolids, we are now to 


conſider how, and with what force or momentum, it 
acts there. 

$. 19. Elaſticity then, at leaſt in animal and vegetable 
e, being an eſſential property of their fluids, and 
of them only, the laws of claſticity and hydroſtatics 
muſt be the ſame, theſe laſt ariſing from the nature of 
fluids, as well as the firſt; and there can be no incon- 
gruity, contradiction, or inconſiſtency in the ſame 
nature or eſſence: therefore the known hydroſtatical 
laws. will give us the laws of elaſticity, which muſt 
take place equally in minimis ut in maximis, in a 


drop of water as in the occan. 
9. 20. It is agencral law in hydroſtatics, that the preſ- 


ſure of fluids is in proportion to their altitude or height, 
and the ſurface againſt which they preſs; and not in 


proportion to their breadth. 


2. Another 


D xxvii | Lect; II. 
6. 21. Another general law is, that in the ſame altitude 
they preſs equally in all directions, or quaquaver/um. 
6. 22. From theſe two general laws ariſes another 
ſpecial one, which is commonly called an hydroſtatical 
paradox : to wit, that a cylinder of water of any given 
height, communicating with a veſſel ſet under it of any 
given diameter larger than its own, and full of the 
ſame fluid, preſſes upon the bottom, ſides, and cover 
of that veſſel, with a force equal to the weight of a2 
cylinder of water of the height of that cylinder, and 
of the diameter of the underſet veſſel; and, if the 
veſſel be diſtenſile, it will diſtend it, or inlarge its 
cavity by all that force; which may be indefinitely* 
greater than the weight of the whole water, contained 
both in the veſſel and in the cylinder: which mecha- 
nical diſpoſition of the fluid produces a great multi- 
plication of power, in proportion to the height of the 
cylinder, and breadth or diameter of the communi- 
cating underſet veſſel. 
$. 23. Let us then only for the preſent ſuppoſe, what 
ſeems highly probable, that the pores and interſtices, 
at leaſt, of ſolid animal and vegetable bodies are round, 
as their veſſels are known to be cylindrical; and that the 
water, every dropof whichtends naturally to ſphericity, 
being attracted into them, is lodged there in ſmall ſphe- 
rules or cylinders; this being the contracted ſhape, 
which they naturally take, as comprehending moſt 
matter within the leaſt ſurface. Now if the ſolid body 
containing them in its pores or veſſels be drawn, 
bent, or extended to a larger ſurface, containing the 
ſame quantity of matter, the fluids in it muſt yield to 
that force; and therefore each drop muſt take ſome 
figure different from that of a ſphere, or become a 
d 2 cylinder 
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cylinder of a leſſer diameter; that is, its ſurface muft 
be extended or expanded, ſo as to become an oblate 
or oblong ſpheroid; or it muſt take ſome other figure 
different from that of a ſphere, and adapted to the 
figure, which the pores and interſtices of the ſolids or 
the veſſels themſelves are reduced to by the extenſion. 
But ſo ſoon as the bending or extending force ceaſes, 
and the whole ſolid body is left to itſelf, the particles 
of each drop will endeavour to recover their æquili- 
brium about their peculiar centres, whereby they 
recover their ſphericity, or contraction again into the 
leaſt poſſible ſpherical or cylindrical ſpace; by which 
the reſtitution in every part, and therefore of the 
whole, is performed, the contiguous ſolids yielding to, 
and conſpiring with, the momentum of the fluids in this 
action. 

6. 24. But for the fake of illuſtration only, let us 
again ſuppoſe a thing leſs probable : to wit, that by the 
extenſion of the containing ſolid a part of each diſtinct 
drop ſhould be raiſed beyond the ſurface, in the ſhape 
of a ſmall cylinder, by which the diameter of the 
drop would be leſſened; this ſmall cylinder then 
would prefs towards the centre, and all ſides of the 
drop, with the ſame force mentioned in Section 223 
and in the reſtitution the diameter of the drop would 
increaſe proportionally, as the length of the cylinder 
in its deſcent or acceſſion towards the centre of the 
drop decreaſed : therefore it would defcend or accede 
to that centre by a motion uniformly accelerated ; as 
in gravity. And in this view we have gravity and 

elaſticity ariſing from one and the ſame principle. 

$. 25. But the ſame argument will hold, and the ſame 
concluſion will follow, upon the other more probable 


ſup- 
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ſuppoſition: to wit, if by the extenſion of the ſolid 
containing body, mentioned before, each diſtinct 
drop be ſuppoſed to be drawn from its ſphericity into 
an oblong ſpheroid, or preſſed to the form of an oblate 
one; for the reſtitution in both caſes will produce the 
ſame effect from the ſame hydroſtatical principles, 
ſince what. ever part of the fluid is extended beyond 
the bounds of its former ſpherical ſurface, will thereby 
have an increaſed preſſure towards the centre, ſuch as 
the cylinder has been ſaid to have, or in ſuch a ratio: 
becauſe the rays terminating in the uncompreſled parts 
of the ſurface of the oblong or oblate ſpheroids of 
fluids, are lengthened by the new acceſſion of particles 
from the compreſſed ſides, by. which the preſſure to- 
wards the centre in ſuch lengthened. lines will be 
increaſed, in proportion to their lengths; and the 
ſhorter diameters of each ſpherozd will be proporti- 
onally lengthened, as theſe lines in acceding to the. 
centre are ſhortened : that. is, the particles, which lie. 
in the direction of the longer diameters of the he- 
roid, in the reſtitution will accede towards the centre, 
with a motion uniformly accelerated, as in gravity. 
The ſame will be true of a cylinder, whoſe diameter 
is ſhortened, and its axis lengthened, by the compreſ- 
ſion or extenſion. | 

Corollary. Therefore the laws of gravity, hydro- 
ſtatics, and elaſticity, are probably the ſame, and ariſe 
from the ſame principle of central attraction, only 
diverſified in almoſt an infinity of phenomena both 
natural and artificial, by the diverſity of centres, cir-- 
cumſtances, and different qualities of the bodies acted. 


upon. 


F. 26, And 
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$. 26. And this concluſion ſeems to be corroborated 
by the VIth Experiment made at laſt meeting on water, 
oil, and mercury, in which it was apparcut, that the 
centripetal force of theſe diſtinct fluids differed one 
from another in the proportion of their ſpecitic gra- 
vities. The drop of mercury, as the hcavielt, formed 
the moſt perfect ſphere about its own centre, and the 
leaſt; the drop of water, though ſpherical, touched 
the plain in more points; and the oil, though its 
5 ſurface was ſpherical, lay much flatter on the 
plain, forming as it were a ſection of a ſmall ſphere. 
Therefore the centripetal force in each was propor- 
tional to its ſpecific gravity; which ſeems to ſhew, 
that it flows from the ſame principle, ating on the 
ſame ſubje& always with the ſame degree of force, 
only on each ſpecies to a diffcrent centre with a dif- 
ferent degree of force or momentum; whereas, if the 
centripetal force in each of theſe drops did ariſe from. 
ſome other principle than that of gravity, it might 
be ſtronger in the lighteſt than in the heavier fluids. 
For as gravity is a power, which acts cqually on all 
bodies in the ratio of their contents, if this centri- 
petal power, being equal in all bodies, was in ſome 
other ratio or proportion, than that of their contents; 
then it would act moſt ſtrongly and ſenſibly on the 
lighteſt fluid, whoſe gravity and contents could leaſt 
reſiſt its force : and therefore the drop of oil would 
form a perfecter ſphere, than the mercury; the reverſe 
of which appeared in the Experiment. 
$.27. Another thing that I would ſuggeſt from the 
Experiment is, that if a drop of cachof theſe three fluids 
could be taken equal one to another in weight, the 
cubes of the diameters of the ſpheres formed by — 
woul 
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would be one to another reciprocally as their ſpecific 
gravities ; in the {ame manner as the ſpaces they take 
up in the ſame cylindrical veſſel are reciprocally as. 
their ſpecific gravities. Which confirms the former 
concluſion, that this ccntripetal power in fluids, and 
therefore their claſticity ariſing from it, does not differ 
from gravity, and is governed by the ſame laws; pro- 
ducing a motion uniformly accelerated, as in the: 
deſcent of heavy bodies. 

Corollary. Therefore the laws of gravity, elaſticity;, 
and hydroſtatics, are the ſame ; and ariſe from the ſame: 
principle. 

Having thus endeavoured to prove, that water and 
watery fluids are not only elaſtic themſelves, but alſo 
the immediate cauſe of the elaſticity of all animal, 
vegetable and terreſtrial ſolid ſubſtances, ' of whoſe: 
compoſition. they make a very conſiderable part; it is. 
now incumbent to ſhew, how its other ſeemingly con- 
trary propertics formerly mentioned, are reconcileable: 
one with another, and. alſo with this eſſential pro- 
perty of elaſticity : particularly how water and watery: 
fluids can prove the cement, and likewiſe the diſſolvents 
of animal and vegetable, and alſo of many terrene 
bodies: or can become the cauſes of ſo very different 
and even contrary effects, as to unite and divide the: 
parts of the ſame ſubject; and this by that lingle pro- 


perty of central attraction. 
In order to the eaſier illuſtration. of this, © would 


offer the following propoſitions, which ate either 
evident of themſelves, and univerſally acknowledged, 
or founded upon Experiments, or proved in this and 
the preceding Lecture. 


Props 


Le. II. DL xxxii | 

Prop. I. There is a natural centripetal power in 
water, and indeed in all other fluids, by which every 
diſtin drop, or certain ſmall quantity, left to itſelf, 
gains and retains an exact ſphericity. This I hope has 
ſufficiently appeared by the obſervations and experi- 
ments already made. 

Prop. II. The degrees of the intenſ ity of powers 
propagated in rays from a centre, or impelled in a 
contrary direction towards the centre, are found to be 
reciprocally, as the ſquares of the diſtances from the 
centres of the reſpective ſpheres of their activity. 

Cor. Therefore as water appears to have ſuch a 
centripetal power, it follows, that the extreme or 
{uperficial particles of the ſmalleſt drop of water preſs 
towards one another, and towards their common 
centre, more ſtrongly, than the ſuperficial particles of 
a larger drop, or of the ſame drop, augmented to a 
larger ſize by the acceſſion of more water. 

Prop. III. There is an univerſal impenctrability in 
matter, ſo that one quantity cannot take place, with- 
out diſlodging another of equal bulk or ſurface. 

Prop. IV. And in this action, that which has the 
greater momentum will overcome or diſplace that 

which has leſs. 
Prop. V. The quantity and celerity or momentum 
of a fluid in motion may be ſuch, as to overcome the 
reſiſtance of ſolids at reſt. | 

Prop. VI. Water and other fluids in contact with 
ſolids, acquire a degree of motion by attraction into 
their pores, capillary tubes, and interſtices, even to 
their innermoſt receſſes, ſo as to ſwell, extend, or 
expand them. Inſtances of this were ſhewa in the 
Roſe of Fericho, and in an human artery. | 

Prop. 
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Prop. VII. And the degree of attraction of the 


fame ſpecies of fluids into the ſame kind of ſolid be- 


ing always equally the ſame, the celerity of the mo- 


tion ariſing from it will allo be always the ſame. 
Therefore the increaſe of the momentum of the fluid 
in this action muſt ariſe from the increaſe of the quan- 
tity of the fluid ſo abſorbed ; which may therefore be 
accumulated not only to. the pitch of extenſion, ex- 
panſion, and ſoftneſs, but even to a perfect ſolution. 
Which all obſeryations confirm. 
9. 28. Theſe propoſitions being admitted, it will 

appcar, that the coheſion of ſolids in their various 
degrees of hardneſs, ſolidity, rigidity, or leſs ſenſible 
claſticity, manifeſt elaſticity, and ſoftneſs; and alſo 
their perfect ſolution, even to the ſtate of fluidity, do 
all ariſe purely from the different quantity of water, 
or other fluids, lodged in their pores, or between their 
ſolid particles. | 

| $. 29. Thus the incoherent duſt of dry clay, and 
fine gravel, by a conſiderable quantity of water added 
in making of bricks, become a ſoft ductile kind of 
paſte, Prop. VII. but by loſing a great deal of this 
moiſture in drying, or baking, becomes a hard ſolid 
maſs. In which nevertheleſs a conſiderable quantity 
of water ſtill remains in diſtinct drops, leſſened in their 
ſize by the evaporation, and therefore having their 
remaining particles more ſtrongly attracted to their 
reſpective centres, and one to another; and conſe- 
quently producing a ſtronger adheſion of the conti- 
guous ſolid particles to the pitch of hardneſs, rigidity, 


and a leſs ſenſible degree of elaſticity. As in Cor. 
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6. 30. This alſo appears for the ſame reaſon in 
dried lime-mortar, and plaiſter of Paris; and muſt 
be the ſame in the natural concretions of common 
ſtones, marble, c. in all which the moiſture has been 
by degrees evaporated to their ſpecific pitch of hard- 
neſs. And hence it is that all quarry ſtones, by being 
expoſed to the open air for ſome time, become gra- 
dually harder, than when they were cut out of the 


quarry. 

| I. But when the remaining moiſture is farther 
Or totally expelled by the force of fire, they return 
to their original incoherent duſt, dry powder, or 
lime. 

32. So that the coheſion of parts in ſolids of this 
kind to the pitch of hardneſs, rigidity, or leſs ſenſible 
elaſticity, ariſes from the ſmallneſs of the ſpherules or 
drops of water interſperſed in their pores; which 
makes tlicm leſs capable of extenſion, dilatation, or 
ſenſible claſticity. Sce Cor. Prop. II 

33. The ſame appears in dry wood, and other 
vegetable ſolid ſubſtances; and in the dry bones, 
| horns, and nails of animals ; whoſe 3 or rigi- 
dity is owing to their deſiccation, or to the evapora- 
tion of a certain proportion of their moiſture; the 
remaining ſmall portion making the ſolids in them 
cohere more ſtrongly, for the reaſons mentioned in 

the ſame Prop. II. 

. 34. And when this remainder is alſo expelled by 
the force of fire, having loſt the copula of union, they 
fall to duſt and aſhes. 

d. 35. Or if the proportion of water be greatly 


increaſed by infuſion, maccration, or decoction, they 
arc 


are brought to a ſoftneſs or ſolution by the nomentum 
of the increaſed fluid. As in Prop. VII. 


$. 36. This is farther evident in the making glue of 


the dry skins of beaſts, and of fiſhes; and paſte of 
ſtarch ; whoſe agglutinating quality is owing ſolely to 
the proportions of water abſorbed, or intermixed by 
infuſion, maceration, or decoction. 

6. 37. Again, a ccrtain greater proportion of water 
or watery fluids, than is found in theſe dry ſubſtances 
mentioned above (obſerveable in the green twigs and 
branches of trees, and other vegetables; and in the 
freſh arteries, veins, and other recent parts of animals) 
produces a ſenſible elaſticity, eaſily to be brought into 
action; becauſe the larger molecules or drops of the 
interſperſed fluids by a leſſer or weaker xiſus of their 
extreme particles one to another, and to their reſpec- 
tive centres, admit an eaſier change of figure in the 
bending or extenſion, and thereby gain a more ſen- 
ſible motion in their reſtitution. That is, by this greater 
proportion of fluids in their pores and veſſels, they 
become more ſenſibly elaſtic. As in Cor. Prop. II. 

6. 38. But if this proportion of fluids be farther 
increaſed, all theſe ſubſtances become ſoft and pulpy, 
and thereby loſe their elaſticity; becauſe the inter- 
ſperſed molecules of the fluids are now ſo large, that 
the particles of their extreme ſurfaces, contiguous to 
the ſolid parts of the compound, are leſs attracted 
towards their centres, and therefore upon change of 
figure are incapable of reſtoring themſelves. That is, 
by a redundant moiſture their elaſticity is loſt, and they 
become ſoft; they fall into a degree of ſolution, or 
the loweſt degree of fluidity. See Prop. VI. and VII. 
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. 8. 39. And if this proportion of fluids be yet more 
or greatly increaſed, the ſolid is completely diſſolved, 
(fee Prop. III. V. and VII.) its ſolid particles being 
repelled, or driven aſunder by the interpoſition of a 
copious fluid, as by ſo many wedges ſucceeding one 
another, increaſing in bulk, and impelled by attraction, 
the prime ſpring of motion in all ſolutions, fermen- 
tations and putrefactions; but as this opens a very 
large field of diſquiſition, which would lead us too far 
from the purpole of theſe Lectures, it mult therefore 
be left to ſome other opportunity. 

F. 40. Thus the ſeemingly contrary or repugnant 
properties of water and other fluids in cementing and 
diſſolving, hardening and ſoftening, as well as com- 
municating elaſticity to ſolids, are reconciled ; as ariſing 
from the ſame principle of central attraction, pro- 
ducing different and even contrary effects, by its dif- 
ferent degrees of force, in different proportions of the 
fluid. 

6. 41. By whick it alſo appears, that there is no 
ſuch principle in nature, as a centrifugal power: but 
that repulſe (at leaſt in all theſe 2 ariſeth 
from the principle of central attraction in the reſtitu- 
tion to equilibration; and from the impenetrability 
of matter; and the ſuperior momentum of an in- 
creaſed fluid, forced into action by the ſame attrac- 
tion: and therefore that it is no natural principle, but 
a forced effect, which was to be proved. See Prop. 
III. IV. V. VI. VII. 
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LE CTV RE III. 


HIS Lecture, which is to be the laſt for this 
ſcaſon, contains an explanation of the Vth Ex- 
periment, and a ſhort abſtract of a general ſcheme of 
muſcular motion, which may lead us, without wan- 
dering from the purpoſe of theſe Lectures, through 
the whole animal ceconomy : in which the principle 
of claſticity, which I have been endeayouring to ex- 
plain in the former Lectures, bears ſo great a ſhare, 
as it does indeed in other innumerable and ſurprizing 
phenomena of nature; the centripetal power, from 
whence it ariſeth, ſeeming to be, next to immaterial 
impulſe, the inexhauſtible ſource of all motion in the 


univerſe. 


The Manner, Explanation and Uſe of the Vth 


Experiment. 


1/t, This Experiment is performed by ſuſpending a 
live Frog by the fore legs in a frame, or in any other 
commodious manner, as in Tab. 3. fig. 1. when having 
cut off the head from the firſt yertebre of the neck 
with a pair of ſciſſars, a ſmall probe, the button at its 
extremity being firſt filed flat, is to be puſhed very 
gently down upon the upper extremity of the me- 
dulla ſpinalis, in the firſt vertebre of the neck; upon 
which the inferior limbs, which hung down looſe, will 
be immediately contracted, as they appear in fig. 2. 
tab. 3. The ſame probe puſhed gently through the 
hole of the occiput of the ſcull on the medulla oblon- 

| gata, 
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gata, will make the eyes move, and ſometimes the 
mouth to open. 

24ly, The ſame being repeated at ſome ſmall in- 
terval of a few ſeconds, ſucceeds for ſeveral times in 
the ſame manner; until the extremity of the ſpinal 
marrow be cither puſhed down too far out of the 
reach of the probe, or contuſed by it, which laſt 
effect appcars ſooneſt on the medulla oblongata: but 
after this the Experiment will not farther ſucceed, the 
compreſſion then ceaſing to be equal or uniform. 


Obſervations on this Experiment. 


06, 1. It muſt be obſerved, that this Experiment 
ſacceeds better in the ſummer months ſome time 
after the Frogs have ſpawned, than it does early in 
the ſpring, or in winter when thoſe creatures are al- 
moſt dead by cold, and want of food. 

Obſ. 2. The interval of a few ſcconds in repeat- 
ing this Experiment on the ſame Frog, ſeems to be 
neceſlary for recoycring the equality of the circula- 

tion, which was diſturbed by the immediate precede- 
ing convulſion, as it throws the blood violently out 
of the muſcles in the time of their contraction or 

Hole, which cannot be reſtored immediately in ſuch 
a languid ſtate of circulation, as this Experiment muſt 
bring on; and as the aſſiſtance of the blood will ap- 
Pear by the following ſcheme to be neceſſary to muſ- 
cular motion, where it is deficient, the motion muſt 
alſo be defective or imperfect, as it appears in re- 
eating the puſhes too quick. 

Ovf. 3. As the inferior proceſs of the brain called 


the meduila oblongata, and its continuation _— 0 
pina 


? „ 
ww, 
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ſpinal marrow, are only a continued or prolonged 
collection of the nerves ariſing from the brain and 
cerebellum ; by this Experiment it appears, that the 
nerves contribute remarkably to muſcular motion; 
and that their aſſiſtance in it is owing to the fluid they 
contain, I have endeavoured to prove, by ſhewing 
the non-elaſticity of the nerves in the firſt Experiment. 

Obſ. 4. The motion here excited is in the muſcles 
of voluntary or ſpontaneous motion, which are under 
the command of the will. HY 

Of. 5. The effect of the impulſe by the probe is 
the ſame, which is or may be produced in theſe 
muſcles, by the mind or will; or is the very fame in 
its manner as voluntary or ſpontaneous motion, and 
performed by mediation of the ſame inftruments, to 
wit, the animal ſpirits, or fluid of the nerves, and the 
muſcles of voluntary motion. 

Of. 6. The extremity of the probe applied in this. 
Experiment being flat, cannot produce this effect by 
irritation, but by compreſlion ; and the compreſſion 
of the pliable extremities of tubes full of any fluid, 
muſt depreſs or propel the contained fluid towards the. 
lower or oppoſite extremities, with an increaſed de- 
gree of velocity. Therefore at leaſt the beginning of 
this motion may be juſtly aſeribed to a propulſion of 
a ſmall quantity of the contained fluid, through theſe 
flender canals into the muſcles, in which they ter- 
minate, with ſome greater degree of velocity, and in 
ſome greater quantity than uſual. Whence we may 
conclude, that voluntary muſcular motion in a living 
animal is begun in the ſame manner, by an impulſe of 
the mind or will on the animal ſpirits through the 
nerves, into the muſcles, * 

— * 7 
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Cor. And as the quantity of animal ſpirits propelled 
into the muſcles in this Experiment mult He ſuppoſed 
very ſmall; it follows, that the waſte of this fluid by 
moderate voluntary motion in litc is very inconftidera- 
ble, or little more than what ariſes from the common 
courſe of the circulation, modcrately promoted by 
eaſy exerciſe, and uſetul for health. 

O,. 7. In the following ſhort abſtract of a general 
{ſcheme of muſcular motion, the ſtructure of a muſ- 
cular fibre is ſuppoſed veſicular, with a reticular 
plexus of blood veſſels inveſting each veſicle; which 
is confirmed by an univerſal analogy in the ſtructure 
of all the moving parts in the animal ceconomy, vilt- 
ble in the heart, lungs, ſtomach, inteſtines, urinary 
bladder, c. whoſe motions conſiſt in an alternate 
ſyſtole and diaſtole. Therefore the nature and man- 
ner of the muſcular motion produced in this Experi- 
ment muſt be the ſame, while the heart continues to 
beat, and the blood to circulate in the limbs, in the 
ſame manner, though not with the ſame force, as be- 
fore the Experiment. Which will be farther explained 
in the following ſcheme. 


eAn Abſtract of a general Scheme of muſ- 
cular Motion. See Dill. de Struct. & Mot. 


Muſc. 


* E order of accounting for muſcular motion 
conſiſts in aſſigning, 1. The principles. 2. The 
immediate cauſe or cauſes. 3. The inſtruments. 4. 
The manner of action, or modus. 5. The effects of it. 


1. The 


— 
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1. The principles or ſources. of all motion whe- 
ther natural or artificial, are only two; impulſe, and 
centripetal power. | 

2. Original impulſe, and therefore every new mo- 
tion, mult ariſe from ſome immaterial being, as its 
immediate cauſe. D. de Struct. & Motu Muſc. 
Cap. 1. om 

3. Impulſe, as the beginning of every new muſ- 
cular motion, is in the power of the mind or will, 
which muſt therefore be an immaterial being. Diff. 
de Struct. & Motu Muſe. Cap. 2. 5. 

4. Centripetal power, or the power of contraction, 
is the moſt univerſal principle in nature, producing 
repulſe; and is properly the claſticity of the inſtru- 
ments of muſcular motion. 

Schol. 1. Inquirics into the intermediate cauſe or 
cauſes of this univerſal centripetal power, of which 
elaſticity is only one branch, arc not to be dropt, or 
neglected ; but after all our reſcarches and diſcoveries 
we ſhall be forced at laſt ro acknowledge, that at the 
origin of the chain of natural cauſes, in all its real 
or imaginary length, there muſt be an omnipreſent and 
immaterial agent as the prime cauſe. | 

Schol. 2. In the mean time, in many phenomena 
of nature it is much to be doubted, whether that chain 
be ſo long as is generally imagined ; and whether 
Gop himſelf be not the immediate, acting, ubiquitary 
cauſe of centripetal power; which ſeems to be the 
immediate cauſe of all the phenomens of nature; the 
indefinite varicty of them appcaring to ariſe only from 
the different ſtructure of the machines or inſtruments, 
and other circumſtances of action. And it is evident, 
that all thoſe phenomena, which by ſome of the 


anticnt philoſophers have been attributed to a f 
f vac ui, 
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vacui, ariſe from a perpetual niſus to equilibration, 
the ultimate aim of nature, and the immediate effect 
of this centripetal power. 

And though this univerſal centripetal power was 
to be admitted as the ne plus ultra in the line of 
cauſes or principles, (which I do no ways pretend to 
determine) and was to be reſolved into the imme- 
diate and ubiquitary agency of Gop as the prime 
mover; this would nevertheleſs be far from putting 
an end to all further diſquiſitions, or inquirics in na- 
tural philoſphy ; as tome may have inadvertently appre- 
hended: for there would be {till an almoſt infinite 
work behind, for exerciſing all the faculties of the 
mind, in explaining the innumerable varictics of the 
phenomena or effects ariſing from this principle. We 
ſhould ſtill be far from knowing all its laws of motion, 
all the degrees of its force, and the indefinite variety 
of its directions in the innumerable productions of 
nature, with all their various ſtructures ; which would 
ſtill remain the inexhauſtible ſubjects of inquiry in 
natural philoſophy ; by unfolding of which, ſhe would 
not only nominally, but really, become the miſtreſs of 
all arts and ſciences; the former being only imita- 
tions of the works and deſigns of nature, and the 
latter the doctrine or explanations of the ſame works, 
whether phyſical or moral. But to return from this 
digreſſion. 

5. The univerſal inſtrument of all animal motion 
is a MUSCLE. Di. Cap. 3. 

6. No other veſſels are obſerved to enter into, or 
to make a part of the compoſition of a muſcle, but 
nerves and blood-veſlels; therefore a Muſcle, or the 
compound inſtrument of all animal motion, muſt be 


made up of theſe only. D. Cap. 4. & Concluſ. 
7. The 
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7. The nerves are not claſtic, but ſerve to convey 
an aqueous fluid, called the animal ſpirits, from the 
brain, cerebellum, or ſpinal marrow, to the muſcles. 
Diff. Cap. 5, 6. Which fluid is the immediate ſub- 
ject of impulſe, or the immediate inſtrument of the 
mind for beginning muſcular motion. As appeared 
by Experiment V. made on a Frog. ; 
8. The blood-veſlels and blood are elaſtic ; whence 
the centripetal power, or contraction and repulſe in 
muſcular motion. D. Cap. 6. 
9. The external diſtribution of the nerves and 
blood-veſlels to the antagoniſt muſcles formerly exhi- 
bited in Tab. 2. fig. 1. ſhews, that cach antagoniſt has 
its diſtin nerve or nerves without communication; 
but the antagoniſt muſcles communicate one with 
another by one common trunk of an artery, and one 
common trunk of a vein : ſo that they are like two 
antagoniſt ſcales in æꝗuilibrio, over which the mind 
has a diſtinct power by diſtinct nerves for determining 
the animal ſpirits, and thereby the blood, to either 
ſide at pleaſure, without affecting the other. | 
Io. The internal diſpoſition of theſe veſlels in the 
compoſition of this inſtrument is taken from the uni- 
verſal analogy, viſible in all the moving parts of the 
animal machine: to wit, the heart, lungs, inteſtines, 
urinary bladder, gc. wherein ſuch a ſtructure appears 
to the naked eye, as gives us the following Idea of the 
ſmalleſt muſcular fibre, deſcribed in DH. Cap. 8. 
that is, a nervous fibre produced from its entrance 
into the muſcle along or in the axis of each carnous 
fibre, in the form of a chain of diſtenſile veſicles, 
whoſe ſides are covered with a net-work of elaſtic 
longitudinal and tranſverſe blood veſſels; the extre- 


mities of all theſe nerves compacted forming the - 
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don, which being ſpread out or expanded again, forms 
the perioſteum. See fig. 2. and 3. Tab. 2. 

11. By the naked eye, or with the help of a mi- 
croſcope, this ſmalleſt muſcular fibre appears of the 
fame blood-red colour, and of the ſame ſhape or 


figure with the whole muſcle, whence it is taken; 


and the whole muſcle of voluntary motion is no more 
than a faſcicle or bundle of ſuch ſmall muſcular fibres : 


therefore its action can be nothing elſe, than the joint 


action of all theſe. Introd. to Diſſ. page 1, 2. 
12. But the action of the whole muſcle by Dr. 


Eliſſons Experiment, appears to be only an alternate 


diaſtole and ſyſtole: and therefore, by what has been 
faid in the laſt paragraph, there muſt be ſuch a diaſtole 
and ſyſtole alternately in each of the ſmall carnous fibres 
of which it is compoſed. Di. Exp. 1. Cap. XI. 

13. And by the Vth Experiment already mentioned 
on a Frog, it appears, that a very ſtrong muſcular mo- 
tion may be caſily excited by a very {light impulſe 
through the nerves. As in Experiment V. 

14. But ſuch an caſy production of motion is not 
conceiveable, without the niceſt equilibration of all 
parts of the machine moved. 

I5. Therefore a ſtatical equilibration of the anta- 
goniſt muſcles of each limb is deſcribed, and deline- 
ated in *Dzſ]. Tab. 4. ſhewing the equilibration of their 
claſticity. 

16. And an hydroſtatical equilibration of the fluid 
of the nerves is deſcribed and figured in DJ. Tab. 5 

17. Now equilibrated bodics may be calily 3 
by adding or diminiſhing the leaſt imaginable force of 
either ſide ; but if what is taken from one be added 
to the other, the nomentum of the motion will be 
doubled, without the loſs or expence of what is 


taken 


[D xlv J Lect. II 
taken away, D. Theor. 19, 20. which is the caſe in 
muſcular motion, in its progreſs from utmoſt extenſion 
to final contraction; as will appear in the ſequel. j 

18. We arc now to ſhew how eaſily a very ſtrong | 
motion may be excited, and carried on in a machine | 
of this fabric, whoſe parts are in ſo juſt and accurate 
an equilibration. 7 4 

19. Previous to which it may be neceſſary to re- | 
move the following objection or difficulty, which 
occurs in D. Cap. 10. where it appears, that the | 
power of ablolute elaſticity in the muſcles greatly ex- 1 
ceeds the utmoſt force of impulſe in the power of. 
the mind. But the ſtatical equilibration of that elaſ- 
ticity, and the hydroſtatical equilibration of the ner- - 
vous fluid mentioned before, take off all reſiſtances, 
that would elſe be in the way of that impulſe, by 
which it becomes ſufficient for the purpoſe, ſo as to 
be able to begin muſcular motion; which is carried 
on in the following manner. 

20. The whole progreſs of muſcular motion is 
from the ſtate of utmoſt extenſion, through the ſtates 
of relaxation, equilibrium, complete inflation or dia- 
ſtole, to the ſtate of ultimate contraction or ſyſtole.. 
In all which courſes from the firſt term to the laſt 
each veſicular fibre ſhortens its axis; and therefore 
draws the limb affixed into flexion, or extenſion, at 
the pleaſure of the mind. D. Tab. 4. 

21. The mind can act upon the muſcular. fibres in 
any ſtate, but that of ultimate contraction, which is 
the termination of the progreſs of muſcular motion; 
as the beginning of it is from the ſtate of utmoſt ex- 
tenſion. D. Cap. 10. 

22. In the ſtate of utmoſt extenſion then, the lon-- 
gitudinal capillary blood-ycſlels on the ſurface. 4 

Cach 
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each veſicle in the fibres muſt be extended, and there- 
fore their tranſverſe diameters muſt be leſſened: that 


is, theſe veſſels thereby become ſtraiter, and the cir- 
culation in them therefore more difficult; and in this 


ſtate alſo the tranſverſe blood - veſſels of each veſicle 


will be forced into ſerpentine flexures, which muſt 
render the paſſage of the blood through them till 
more difficult. Di. Cap. 9. 

23. In this, and all * ſtates of the antagoniſt 
muſcles, both the ſtatical and hydroſtatical equilibra- 
tion, mentioned above, take place to ſuch a degree, 
as to remove all reſiſtances, that would elſe be in the 
way of any ſupervening impulſe. Di. Cap. 1 

24. Therefore if the mind impels but a very "little 
more of the neryous fluid than uſual, through the 
lender tubes of the nerves, into theſe extended ve- 
ſicles, they will be uniformly dilated as in the known 
Experiment of the Water-bellows. D/. Cap. 9. and 
Th. 22 | 

25. By this diſtenſion of the veſicles their axes be- 
ing ſhortened, and their diameters lengthened, the 
longitudinal capillary veſſels on their ſurface muſt be 
ſhortened, and thereby their diameters inlarged ; and 
the ſerpentine flexures of the tranſverſe veſſels will be 
extended; which in both kinds will leſſen the reſiſt- 
ance they gave to the tranſit of the blood, which 
both by the diaſtole and ſyſtole of the arterics is con- 
tinually urged on to its paſſage through them ; and 
being thus facilitated, every globule of blood in its 
progreſs, by endeavouring to fly off by the tangents of 
theſe veſſels and veſicles, tends ro expand them more, 
and thereby opens the way for the further and eaſier 
influx of the nervous fluid; to which the blood-veſlels 


contribute as ſo many elaſtic levers acted upon by the 
blood 
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blood in its progreſs. Thus by the aſſiſtance of theſe: 
three powers, of the nervous fluid, the blood, and 
blood. veſſels, the progres from extenſion to inflation 
or diaſtole of the veſicles is made, with ſuch a degree 
of celerity as the will commands. Df. Cap. 9. 

26. The mulcle is at that time tumid and inlarged 

by the afflux of the nervous fluid and blood, which. 

1 its bulk. 

. The mind may keep up this inflation; as long 
as it pleaſes, only by impelling conſtantly ſuch a ſmall. 
quantity of the nervous fluid into the diſtended ve-- 

ticles, as is ſufficient to ſupply the uſual expence of 
them in their common. courſe. 

28. But if the mind deſiſts to ſend in this recruit, 
or ſuſpends it, then theſe circular or arched elaſtic. 
veſſels now turgid with elaſtic blood, whoſe areas have 
been thus forcibly inlarged, endeavour to contract 
themſelves every way towards the centres of their areas, 

wWuhich are the centres of the veſicles; and, the mind: 
giving no reſiſtance, this ius takes place to the com- 
plete contraction of each fibre; by which the limb 
affixed is brought into complete flexion or extenſion, 
according as this or - other antagoniſt has been acted 
upon. Diff. Cap. 

29. In this — — whole muſcle becomes ſhorter, 
and leſs in all its dimenſions; harder and paler by expul- 
ſion of a great part of its fluids through the veins to- 
wards the heart, and through the extremities of: the 
nerves into the tendon and periofteum. And ſuch are 
the viſible phenomena of this and all other moving 
parts of the animal machine. 

30. It may be imagined, that ſuch interruptions of 
the courſe of the blood in the capillaries of the arteries. 


and veins, and ſuch uncertain ſubſultory changes in the 
figure. 
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figure of the parts as have been deſcribed, might in- 
tterrupt the regular circulation of the blood, and there- 
buy diſturb the motion of the heart; which is not ob- 
ſerved to happen by moderate exerciſe. But this difh- 
culty is removed by conſidering, that the whole is 
iS carried on in extenſile and diſtenſile blood-veſſels, com- 
is municating one with another, as in Tab. 2. fig. 1. and 
| therefore what cannot be received into one is imme- 
diately communicated to, and eaſily received by the 
other, and by it forwarded in its return to the heart, 
in the ſame time and quantity, as if the paſſages through 
all the veſſels were equally open, and paſſable. There- 
fore though an acceleration does ariſe in all exerciſes, 
yet an irregularity of the circulation in a healthy perſon 

is not obſerved to happen by any degree of exerciſe. 
. What I have here briefly recited, I have at large en- 
dcavoured to explain in a *Dzſſertation on this ſubject 
lately publiſhed, with ſeveral figures annexed for illuſ- 
tration of the whole; by which, 1 hope, the principles, 
cauſes, inſtruments, manner of action, and effects, in 
Which the ratio of muſcular motion conliits, have been 
pointed out from anatomy, mechanics, hydroſtatics, 
i obſcrvations and experiments. To which, for the ſake 

[283 of brevity, I have every-where referrcd. 

1 The proof and illuſtration of this general ſcheme will 
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* appear in the application of it, for explaining the various 
! functions of the animal ceconomy; which may natu- 
4 rally become the ſubjects of ſome future inquiries to- 
4 wards anſwering the intention of the worthy Founder 
3 of theſe Lectures. 
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EXPLANATIONS 


OF THE 
TABLE 
— ̃ äRA ard a — — 

FIGURE I. | 


C2 NTAINS a nerve, artery and vein of an 4 
human ſubject, which before exciſion. were al! ü 
of equal length with a piece of twine applied to mea- H 
ſure them. 


A. The nerve after exciſion, continuing of the ſame 4 
length as it was in the body z to wit, equal to the ty, 
twine B. A 7 

B. The twine or common meaſure of all the veſſels E: 
before exciſion, | 1 

2 The artery, which in the body was of the ſame 1 
length with the nerve and twine z but being cut 


out and left to itſelf ſhrinks, or contracts, to — 
8 0 


1 


1 2 = + \ " 
LA 
24 


Fro” 


lob of 3 of its length ; as thoſe of Dogs loſe 
. about * 


D. The vein, which was equal to the nerve and twine 
in the body; but being cut out and left to itſelf 
ſhrinks, or contracts as much as the artery, though 

not with the ſame degree of force. 


Hence it appears that the arteries and veins are evi- 
dently elaſtic, and that the nerves have not the leaſt 
apparent elaſticity. See Exp. I. Le. I. 


FIGURE 2. 


A. The Roſe of Fericho, expanded by being ſteeped 
two hours in water, weighing 13 drachms, and 
reſembling its ſtate of growth in the ground. 


FIGURE 3. 


The ſame dry and contracted, weighing - Keen 
and a few grains. 


. 


_ : , — — 


TA II. 


FiGURE TI. 


Contains the antagoniſt muſcles of an human arm, 
placed at a little more than their natural diſtance, with 
the nerves, arteries, and veins diſtributed to them in 
their natural ſituation and order. 


A. A. A. The muſcle biceps, one F the flexors or 
benders of the cubit or fore- am. 
B, B, B. 


* WA * = C.J 9 4. * * 18 0 ro * d - \ \ - a Ne : \ 
"I TEE YE "© 05 a. 4 4 4 4 ay N - ju * * l AN c x + SOL 
aa. —_— W . n ieee. * © GR bs, ' 
| \ * 85 17 4 nn 2 3 en *3/ Iv. 2 JF: eas e 3 ** ** * * 1 A * 
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CY 5 . 


10 L 7 
B. B. B. The internal brachial BR another eber 
or bender of the fore arm. 


C. C. c. c. The external brachial muſcle called 1 
an exten ſor of the fore- arm. 


The muſcle called anconacus, another extenſor of 
the fore-arm, is hid here. 


D. The common trunk of the branchial attery, dis- 
tributing the blood by its branches to all theſe an- 
tagoniſt muſcles on each ſide of the arm; red, ex- 
preſſed by the lines thus (||| as in Heraldy. 


E. The common trunk of the vein, through which 
the blood brought back from the muſcles on each 
ſide returns towards the heart; blue, expreſſed as in 
Heraldy thus ==. 


F. The trunk of the nerve peculiar to the flexors of - 


the fore-arm, whoſe branches are peculiarly diſtri- 


buted to theſe flexors only, but not to the ex- 


tenſors ; white. 


G. G. Two trunks of nerves peculiar to the extenſor 


muſcles of the fore-arm, whoſe branches are pecu- 
liarly diſtributed to theſe muſcles only, but not to 
their antagoniſts the flexors; white. 


The number of the branches of theſe ſeveral veſlels, 
and the manner of their diſtribution and inſertion into 
theſe muſcles, appear in the figure. I need only to 
obſerve, that the antagoniſt muſcles, that is, the muſ- 
cles of each ſide communicate one with another by 
their blood-yeſlels, but not by their nerves. 


g 2 | By 


KN, te 
. 2 
** * * (I 4 2 * Yy 4 ; x -& Taz _— 2 E 
— r i 


_ = jon 
- - Bythe help of this figure the mechanical manner of 
muſcular motion delivered in Lecture III, will be 
caſily underſtood. ; | 


FIGVUKEE 2. 


AM. Repreſents a muſcular faſcicle, or ſmall part of a 
muſcle, macerated in water, and carefully ſeparated 
longitudinally from the reſt of the muſcle, with its 
tendinous extremities; expreſſing together the figure 
of the intire muſcle, as mentioned 5. 11. Lect. III. 
and at greater length in Cap. VII. $6. 5. Dif. de 
Struct. & Mot. Muſe. and Introd. F. 2. and 18. 


B, B, B, &c. The carnous red fibres drawn aſunder, 
that the nervous white fibrillæ or fillaments diſtri- 
buted to them may better appear. 


C, C, C. The nervous white fillaments, entering the 
carnous fibres at angles more or leſs acute. 


D, D. The tendinous extremities of the muſcular 
faſcicle; being the nerves and nervous membranes 
of each muſcle or part of a muſcle collected, and 
compacted to the firmneſs of a tendon; whence 
being again expanded, it is juſtly called the pu- 
neuroſis; and being farther continued over and into 
bones, is called their perioſteum. 


F, H, G. Shew the directions and diſtributions of 
theſe proceſſes of the nerve, artery, and vein to the 
muſcular faſcicle, fimilar to their directions and 
diſtributions to the whole muſcle. 


This 


bin 


This figure is the ſame with the next following x 


excepting that in this the ſmall nervous veſicles in - 


each carnous fibre are ſuppoſed, ts be covered by the 
blood- ary 


, * 
Ms, 


741 41 * 


Feen 2 


A. Shews the angle of inſertion of the nerve into this. 


faſcicle, as into the whole muſcle, with the direc- 
- tioiviand diſtribution of its Dancer into the muf- 
cular veſicles. 'f : 


B. B. B. The chains ef Gn qniaſcaliic Wehen ap 


poſed to lic in the direction of the atis of! each ar- f 
nous fibre, and to: be: inflated or diſtendud by the 


influx of the nervous fluid, at the command of che 
will in the diaſtole of the muſcle. See Di,. de 


Struct. & Motu. Muſc. Cap. VIII. $ 2, 4, J. 7, 8. 


and Abſtr. in Let. MN ———- 
This verſicular frudtore” of Her ſmalleſt miiſctitar 


fibre, pointed ont and confirmed by a ſimifar ſtructwe 


in all the viſible moving parts of the animal œe c, 
nomy, may be juſtly inferred from the plain analogy. . 


of nature, which is always firmitar” to iffelr;. by 


which. it. will be caſy to underſtand what is- ſalck 5 
VII. 


of the general muſcular ſtructure im Diff Cap. 
and of the manner of muſcular motions Cap: IX. 
and more compendiouſly. in the e, of. that 
general ſcheme in Lect. III. 


TABLE 
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TAT E III. 
FiGURE TI. 


A. A live Frog, the head being cut off, hanging by 
the fore-legs without motion. | 


FIGURE 2. 


B. The 1 Frog, whoſe inferior limbs, which hung 
looſe and free, are brought into a ſtrong and com- 
plete contraction by a very (light impulſe with the 

button end of a probe, on the upper extremity of 
of the ſpinal marrow ; the end of the probe being 
filed flat and ſmooth for that purpoſe. Sce Ex- 
 agebitiogs V. | 


: 5 | 17 g ; 
$3 1 , - * 
— — — — —— 


3221. 
Lea. II. Page 25. I. 19. for intermediate, read immediate. 4 
Left. III. Page 41. J. 15. for of muſcular motion, read in muſcular 


motion. 
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